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Abstract 
Amusement attraction participation eligibility requirements may be expressed in terms of age, height, weight, health condition, 
(dis)ability, and combinations of these, and potentially other criteria. Restrictive eligibility criteria can protect manufacturer and 
operator from liability for injury, since no guest could sustain injury without exposure to the ride. However, new forms of 
liability have emerged, through litigation under general human rights codes or specific regulations of the Americans with 
Disabilities Act. This paper describes and compares two approaches to more specifically determining participation eligibility for 
guests with disabilities and health conditions: the medical approach and the human factors engineering approach. Although many 
conditions are manifest in a range of severities, the medical approach will either impose the most restrictive eligibility on all 
guests with the same disability type, or require park personnel to make diagnostic determinations outside their expertise, and 
requires compilation of data about every disability and condition. The human factors engineering approach identifies functions to 
be performed by the guest to fulfill the ride experience. Clear description of functions and risks will enable guests to determine 
whether they are able to safely ride, in consultation with their own advisors. The approach to determining eligibility affects not 
only whether a particular guest can ride, but also operational practices that affect guests’ relationship with the park. 
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1. Background 
Amusement attractions are a familiar component of the tourism sector for individuals, families, and groups of 
companions to experience immersive and interactive entertainment. Attractions range from highly themed $100-
million roller coaster attractions owned and operated by multinational companies with multi-billion dollar annual 
revenues to small-business-owned portable rides worth $100,000. It is a global industry: portable carnivals may 
operate in multiple jurisdictions and many rides are manufactured in one country and operated in another. For 
example, virtually every mechanical ride operating in Canada was manufactured elsewhere, but water rides 
worldwide are dominated by products from Canadian manufacturers. International standardization is critical not only 
to harmonize practices to simplify industry compliance, but also to clarify consumers’ expectations for health, 
safety, and participation.  
Several organizations develop standards pertaining to amusement device design, operation, and maintenance, 
particularly related to safety, including ASTM International (formerly American Society for Testing and Materials), 
EuroNorm and ISO (International Organization for Standardization). These organizations strive for harmonization 
through the International Association of Amusement Parks and Attractions (IAAPA). Standards are valued not only 
as a foundation for effective design, but compliance with standards is used as a legal defense [1].  
While the designer/engineer can design the device itself to be reliable and comply with technical performance 
standards, there is inherent variability in the interaction of the patron with the ride. Standards describe acceleration 
limits that have proven to be well tolerated by the vast majority of guests over many years of operation, but 
infrequently, riders may sustain musculoskeletal or cerebrovascular harm from the ride action due to individual 
susceptibility or vulnerability [2, 3, 4], however there is little clear evidence to enable identification of vulnerable 
guests in advance. For instance, a recent case report of a 4-year old child experiencing a stroke subsequent to riding 
roller coasters noted the lack of relevant data on the acceleration tolerance of children [5]. The ride owner has no 
means to know individual patrons’ health status. In addition, susceptibility may even be unknown to the guest. 
To further manage the variability among guests, under standard ASTM F2291-14 the designer/engineer performs 
patron restraint and containment analysis and patron suitability assessment [6]. Patron restraint and containment 
analysis considers the ride action and physical characteristics of the intended patrons in determining the appropriate 
restraint device, while patron suitability assessment considers the suitability of the ride for the intended patrons 
including age and size, and leads to eligibility criteria that maintain the variability of patron-ride interactions within 
safe boundaries. The participation eligibility requirements specified by the designer/engineer of the ride may be 
expressed in terms of age, height, weight, health condition, (dis)ability, and combinations of these, and potentially 
other criteria. The historical approach to eligibility pertaining to guests with disabilities defined exclusions 
nonspecifically, restricting “visible handicaps” or “special needs”. 
While existing processes may have produced overly conservative criteria that restricted the participation of guests 
with disabilities, guests could not sustain injury if they had no exposure to the ride, thus these excessive restrictions 
protected the manufacturer and operator from liability. In recent years, new forms of liability have emerged, through 
litigation citing equity legislation such as general human rights codes or specific regulations of the Americans with 
Disabilities Act [7]. Restrictive eligibility criteria deprive individuals of opportunity to participate in a recreational 
activity that is part of a “normal” life, particularly coveted by children and adolescents. To secure opportunity to 
participate, some members of the public have sued theme parks [8, 9, 10] or prevailed on a park to revise its policies 
[11]. The right to participation in amusement attractions has explicitly been established in jurisdictions such as the 
United States through the Americans with Disabilities Act under Title III. Accessible Design standards for attractions 
were published in 2010 and compliance was phased in through 2012. In other jurisdictions, equity and human rights 
codes may establish a framework for claims to assert the right to participate.  
Individual rights to participate and the owner/operator’s obligation to protect guests inherently conflict. The ADA 
Accessibility Guidelines [12] acknowledge that participation restrictions may be legitimate provided they are based 
on actual risks to themselves or others, and not mere speculation, stereotypes or generalizations about individuals 
with disabilities, and courts have upheld this requirement [10]. Although several fatal ejections involved guests with 
disabilities [13], including in some cases of patrons already restricted by explicit rules, the appropriateness or 
necessity of some current restrictions does not inherently validate all current restrictions.  
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Parks share an interest in eliminating unnecessary eligibility barriers, not only to satisfy accessibility regulations. 
Limitations on participation of one member of a family often affect travel plans for the entire party, which in turn 
adversely affects the market size available to attraction operators. As such, improving the understanding of rider 
eligibility processes is beneficial for both parties.  
This paper addresses how standards consider disability in ride analysis and options for determining participation 
eligibility for guests with disabilities. 
2. Competing concerns of accessibility and eligibility 
To frame the objectives, constraints, and process for eligibility criteria, extensive knowledge elicitation and 
feedback was undertaken. Over 50 industry experts including attraction owner/operators, ride manufacturers, 
consultants, regulators, and academics from eight countries on three continents participated in a knowledge 
elicitation workshop in November 2013 hosted by IAAPA. An additional 70 industry experts attended one or more 
subsequent meetings hosted by IAAPA and ASTM Committee F24 through November 2014. Through open 
discussion, facilitated exercises, and circulation of compiled comments, participants shared practices, perceptions, 
and experiences related to the establishment of eligibility criteria, interaction with guests with disabilities, and 
accessibility aspirations for attractions operators. This section and system model (Fig. 1) is based on the knowledge 
elicited through this iterative method. 
Regulations for safety, equity and accessibility are directed at the owner/operators of attractions. The 
owner/operator may add more restrictive criteria for reasons as diverse as increasing their assessed safety level or to 
standardize with other attractions at the same site. However it is difficult for the owner/operator to relax eligibility 
criteria established by the manufacturer, as regulators will enforce operational compliance with the manufacturer’s 
documented requirements. The ride manufacturer generally has no obligations to regulators. Owners may engage 
with a manufacturer in discussion about justification for specific eligibility criteria with the aim to secure 
documentation with mutually satisfactory patron suitability assessment and guest warnings. The success of this 
approach may depend on the manufacturer and the relative influence of the ride owner. Standardization is a 
mechanism to align the design and engineering of attractions to the accessibility aims and obligations of owner-
operators. All major standards organizations that have or are developing amusement ride safety standards are 
conscious of the need for well-substantiated risk assessment and appropriate participation criteria for amusement 
attractions that will meet the needs of compliance with ADA and its equivalent.  
Although the standards lack explicit directions pertaining to specific disabilities or disability in general, patron 
suitability assessment indirectly entails consideration of disability. This assessment might determine that the 
restraints would not contain patrons of large or small height or girth, or with certain distribution of body mass, 
Fig. 1. Model of establishing eligibility requirements balancing inclusion / access and safety.  
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particularly guests with lower-limb amputations and certain obese body shapes with insufficient mass both above 
and below the restraint to resist momentum of the moving body. Where analysis of the physical potential for patron 
containment failure is objective, patron suitability assessment may consider potential harm resulting indirectly from 
inappropriate behavioural response or non-response. The concern is that guests with cognitive disabilities and 
conditions affecting emotional responses may not tolerate certain ride experiences or be able to resist malbehaviour. 
For the purpose of this discussion, “tolerate” means that the level and type of sensation is not objectively harmful, 
while the term “malbehaviour” has been coined to describe behaviour that objectively is inappropriate in the context 
in which it occurs, although it may not have been a conscious choice to be inappropriate. Possible malbehaviour is a 
common reason to specify a requirement for a supervising companion for children of certain age (or the 
corresponding height). The companion assists to determine whether an attraction is suitable for the child and to 
monitor and correct the behaviour of the child while on the ride.  
Some patron suitability concerns are specific to the possible but infrequent occurrence of a ride stop condition or 
emergency that cannot be corrected with a ride reset and restart. For physical, cognitive, or emotional reasons, some 
guests would be unable to self-evacuate or aid in their own rescue and others might react negatively in an emergency 
situation. This could delay completion of the evacuation, placing the park in violation of evacuation performance 
requirements, or possibly put guests at risk in the event of fire or other environmental danger. These concerns are 
often the basis for minimum age or a height requirement based on generalizations about developmental maturity and 
physical growth, and underlie some disability-based exclusions.  
In operation, ride operators and attendants observe heights, verbally confirm riders are of the required age to ride 
or serve as a supervisory companion, and make visual and manual verification that the restraint devices fit the riders. 
In the event that an ineligible guest attempts to ride, the operator/attendant must notice that the guest is ineligible 
and negotiate with the guest, who may already be seated in the ride vehicle, to exit the attraction. Guest relations are 
paramount in tourism and even unambiguous rules require diplomacy on the front lines. Disability issues appear to 
make these decisions more complex and sensitive for operation personnel. The operator/attendant may feel 
uncomfortable to intercept a guest due to respect, e.g., for age or past military service, or fear offending the guest by 
pointing out the disability (based on perception of disability as something shameful). At the other extreme, without 
clear guidance, some ride personnel may improvise eligibility criteria based on assumptions about certain visually 
distinctive disabilities and restrict individual guests from participating where there is no need to do so. 
3. Participation eligibility assessment 
A successful approach to participation eligibility must anticipate as fully as possible the sources of unacceptable 
harm and apply legitimate risk assessment to identify guests at risk. This risk assessment must be practical to 
perform with skills available to the designer/engineer. Eligibility criteria must be defensible and precise, and 
identify what characteristics permit or preclude participation on the ride. Processes for performing the selection must 
be reliable, and support operational personnel and guests to determine whether a particular guest meets the criteria.  
This section presents and compares two approaches that have been discussed among subject matter experts: the 
medical approach and the human factors engineering approach. While various risk assessments are currently made 
in the ride analysis, the status quo lacks uniformity and is thus not a candidate approach for an optimal risk 
assessment method. The risk of containment failure can be objectively evaluated for extremes of body size and 
amputations, so restraint and containment analysis in these cases are more satisfactory. However, the status quo 
includes practices that impose eligibility requirements that categorically exclude guests with specific disabilities or, 
in some cases, any disability without evident substantiation.  
3.1. Medical approach 
The proposed starting point of a medical approach is to itemize disabilities and conditions, then to consult 
extensively with the relevant medical specialists to probe the specific vulnerabilities of each disability, in sequence. 
Following that, technical experts knowledgeable about ride characteristics would interpret those vulnerabilities to 
determine which types of rides and attractions are compatible and can be recommended for participation. The 
analysis would produce participation guidance for each disability type (Fig. 2). 
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A trial of the medical approach was undertaken in 2013 at amusement attractions in Italy, with medical specialists 
with expertise about Down syndrome, collecting pre- and post-exposure observations particularly related to stress 
and behaviour, including salivary cortisol. Collection of empirical data was necessary due to a lack of previously 
published evidence to support recommendations for or against participation for this population, although some ride 
manufacturers or operators had imposed restrictions. During the symposium, medical specialists and parent-
advocates noted that guests with Down syndrome often disregarded operational rules and participated successfully, 
sometimes using hats and sunglasses to conceal their facial features, while other syndromes with similar clinical 
characteristics but no distinctive facial features were not intercepted at all. The lack of adverse outcomes was 
interpreted as suggesting that if restriction was necessary for some guests with Down syndrome, it was not necessary 
for all guests with Down syndrome. The clinical results collected during the Italian symposium appeared to support 
this, as none of the stress or behavioural indicators reflected maladaptation by the participants with Down syndrome 
(Cerino and Chiari, personal communication, 18 January 2015). 
The medical and technical analysts nonetheless recommended that all guests with “special needs” must self-
identify on arrival at a single point of entry to the park to receive counselling about appropriate attractions and 
expectations, be accompanied by supervising companions at all times while on the rides, and potentially be limited 
in number on a particular attraction. The rationale was that ride operations personnel would be unable to assure 
appropriate accommodations without advance identification of the affected guests, and are not qualified to discern 
affected guests or to differentiate between severities of conditions to determine participation eligibility or nature of 
accommodation, while the central advisory point could be trained to do so.  
Some owner/operators note that they are prepared to accommodate guests without advance identification, and 
some guests are uncomfortable with the similarity to a medical process, in which the patient goes through an 
“intake” assessment followed by “treatment”. Others may be unaware of their condition or unconscious that what 
they consider an unremarkable personal characteristic would be considered by the park to be a “special need”. 
Fig. 2. Medical approach system model. 
5394   Kathryn Woodcock /  Procedia Manufacturing  3 ( 2015 )  5389 – 5396 
3.2. Human factors engineering approach 
The human factors engineering (HFE) approach is based on a generic Hierarchical Task Analysis of participation 
on an amusement ride and the ride-specific function allocation options (Fig. 3). For example, the function of 
“maintaining the body in comfortable posture on the moving ride” may be accomplished with a human performance 
of “use body strength to maintain posture” or a mechanical performance of “restraint keeps body in comfortable 
position”. The function of “resisting impulse to leave ride vehicle” may be accomplished through the human 
performance of “use knowledge and willpower to resist impulse” or machine performance of “restraint prevents 
leaving seat” or performance by another party, such as “supervising companion counsels the guest to remain 
seated”. For each attraction, specific function-allocation choices are made by the designer/engineer. After 
identifying functions allocated to automation or other people, the remaining functional performance requirements 
define the minimal abilities of the eligible rider. The designer/engineer’s risk analysis considers riders’ functional 
requirements in relation to the severity of performance failure: loss of comfortable posture may have a moderate to 
severe consequence but the consequence of untimely separation from the seat may be extreme. To minimize guest-
relations conflicts, functional performance requirements must be communicated before the guest has invested time 
queuing for the attraction. Based on the communication, guests self-exclude or operations personnel intercept 
inadvisable participation. If functions allocated to the rider would exclude too many guests, the designer may 
reconsider other function allocation choices. 
Informing guests and supporting their own self-determination is aligned with current practices in relation to 
limited-term health conditions and long-term or permanent health conditions include epilepsy, balance disorders, 
and allergies. The common practice is to advise guests when rides contain certain kinds of effects, and to defer to the 
guests to self-select out of participation according to their own needs, based on what may be imperfect knowledge of 
their own health. This includes strobe lights that could trigger seizures, types of motion and visual effects that could 
aggravate motion sickness susceptibility, or fog or dust irritants to respiratory sensitivity. At their own discretion, 
guests may choose to experience these attractions anyway when the perceived benefits outweigh the consequences.  
Although the owner-operator may offer resources including printed matter and personal advice to assist guests to 
make participation decisions, the HFE approach does not require that the guest self-identifies or that supervising 
companions or operations personnel make participation decisions for the guest. The human factors approach does 
require clear communication of functional requirements to enable guests to make well-informed choices, and the 
risk rationale must be convincing: logical and transparent. This approach reasons that guests with adequate 
information would not choose to assume an extreme risk of harm when advised not to participate, but may choose to 
experience discomfort. The risk assessment will identify the information the guest needs, specifically the nature of 
the hazard and the potential consequences. Guests who are unsure of their functional capacity and tolerance can 
Fig. 3. Human factors engineering and function allocation model of eligibility. 
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present the ride requirements to their own medical advisors to obtain guidance tailored to the specifics of their case. 
Where the risk assessment proposes non-participation and the guest has not self-excluded, operations personnel 
should be prepared to approach the guest for additional risk communication, thus personnel also require guidance as 
to observable indications of guests at higher risk. This may be operationalized in various ways, including 
observation of physical characteristics, interpersonal communication, and verifying functional performance during 
pre-attraction experiences that use the same functions.  
4. Discussion 
A method to determine participation eligibility must be practical for the designer/engineer and produce criteria 
that are precise enough to satisfy authorities and courts that criteria are based on evidence and not on speculation, 
stereotypes, and generalizations. Both manufacturers and owner/operators are also interested in limiting their 
liability for harm. 
In regards to the precision of the eligibility criteria, limited use of the medical approach suggests that the wide 
range of functional capacity among people with the same clinical diagnosis could produce excessively restrictive 
criteria for most. Using the HFE approach to define performance requirements readily accommodates the wide range 
of variability within any disability type, as eligibility criteria would be interpreted according to the individual 
functional ability, not the most vulnerable form of the same disability. The HFE approach is congruent with the 
World Health Organization International Classification of Functioning [14], which describes functional capacities 
rather than diagnoses. Physical, sensory, cognitive, or emotional requirements involved with specific activities or 
environments that exceed functional capacities may be barriers to participation.  
In regards to practicality, the medical approach requires relevant evidence about each disability or condition and 
tolerance for attractions of various types and the application of that evidence to the specific characteristics of each 
attraction. Medical data is not readily available to the ride designer / engineer and in many cases may not currently 
exist and would need to be generated in relation to each disability or condition. Medical evidence pertains narrowly 
to a specific population. Evidence related to Down syndrome, for instance, does not apply to guests who are blind. 
This limited generalizability entails considerable prerequisite work for a medical approach. In addition, the medical 
approach requires the designer/engineer to perform an additional analysis for each attraction to review the evidence 
for each disability and condition and determine the suitability of the attraction for guests with each condition. 
Relying on supervising companions universally, particularly for adults with disabilities, may be problematic. Guests 
who are children or adults with attendants or caregivers will have companions, but many people with disabilities live 
with age-appropriate autonomy with the required modifications and accommodations. 
The HFE approach does not require the designer/engineer to have any medical expertise or knowledge of 
particular conditions, or to perform significant additional analysis. Current approaches to ride analysis include 
restraint and containment analysis and patron suitability analysis, and will involve a breakdown of the ride action, 
such as its acceleration characteristics over time. Availability of a generic Hierarchical Task Analysis would support 
designer/engineers readily to identify specific functional abilities required by the ride actions and experiences. The 
HFE approach must be implemented through legitimate and transparent risk communication of functional ability 
requirements at each attraction, to support informed self-determination by the guests or their companions. 
The HFE approach also integrates with the objective of removing barriers to participation. In many cases, safety 
concerns related to disability are simply a by-product of past design decisions and conventions. Selection of eligible 
participants must be used when there are no feasible options for universal design, accessible alternatives, multi-sized 
options, adjustability or customization that would provide safe and satisfactory experiences to certain guests. Some 
appropriate restrictions determined in initial patron suitability analysis might not be necessary with alternate designs 
[13]. For instance, Universal Parks and Resorts made a considerable supplementary investment to design and 
implement modified ride vehicles to reduce the number of obese guests unable to qualify to ride the popular “Harry 
Potter and the Forbidden Journey™” attraction [15]. The HFE approach identifies functional requirements that limit 
participation, which enables design modifications to be considered. 
In relation to protection against liability, the medical approach would seem to give the owner/operator more 
control over the guest’s participation. However, non-compliance with self-identification would be expected from 
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guests who consciously reject a medical model of disability or who do not identify as disabled. The HFE approach 
focuses institutional liability on specifying functional requirements and clear and convincing risk communication. 
5. Conclusions 
The human factors engineering approach complements existing ride analysis methods used in existing standards 
and can be implemented by the designer/engineer. Unlike the medical approach, an exhaustive analysis of all 
disabilities and conditions is not required for the human factors engineering approach, and only those guests whose 
disability specifically limits a required function would be excluded from participation, which is easier to defend 
under equity legislation. The human factors approach is implemented through risk communication at the individual 
attraction, including operational practices, and may be supplemented with guest information materials such as 
printed matter and central guest-relations resources. Informed self-selection formalizes the responsibility of the guest 
or their agent, while focusing the manufacturer’s and owner/operator’s responsibility on clearly identifying and 
communicating the functional requirements needed for safely riding and the expected outcome of participation 
without the minimum required functional abilities. Transparent functional risk rationales may be more convincing to 
support guest self-selection and respects the dignity and autonomy of guests with disabilities, which may promote 
harmonious guest relations. 
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